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Ahslrarr——

1. .,lntrt,dl, t Iinvn..-—- .-,

—+Tllj”~“irk““&”h- p.1 lnrmml ● n parl of thr US
Ilrpfirlzrrnl IlrFlrrrnv-ttffi(~ nr” Snfmnualdn and
s OIIIlty rexrarrl! ■nd drvrlmpmrnt prqram.

chai is gnod to 5% or brttrr. Thr finlu;.’nrrts
atudic~ nhow that thin lcvrl ar ccrtninty will
provide RCIOA nhnrt-t~rm dctrctinn acnniliviLv.
A promining trchniquo :hat in now hrin.c drvrl-
oprd1,8 uaeti (1) detfiilod chrmicnl mndrl~ tn
predict chr invrntnrv for ●xprctorl prores~ ren-
ditions, (2) on-linr prncemn monsurFmrntR and
compulrr-hanrd data ●cquisition aystrms to mon-

itor’ fluctuations in thr invonln-y during artu~il
prnr~nn ofwratirm, ●nd (3) cimfrlifiod Iin?ar
modv I n And C,lmputrrizert dnta-arrnlysih MPlhOdH

t,l prOVid:’ rIIriMnlrn nf thr invrnt~}rv chat rnn
thrn hr uswd tn clonv matt,ri,,!s halrinros iu
nt,ar-rl,nl : im~.,

.7. Crmlnrlur MIMIIIIK.——.

SPvvrnl ❑nthrmoticnl mntl~, I s 19r Srllvrnl -
VII1 rac[ 10,1 crmfartnrn hnvv h,~rn drvol(,pril in
l},,. [1.s,~-l’l The mnnt widrlv unrd IWIII II f,!r’

n(}lvt~nt -f,xtrnrl ion procrHR rfrvrlofrmrnl , SEPN15,

waq nri~innllv drvrlnpod Ill prwdict Ihv frfin-
Ri Pill ●nd nt~adv-ntntr Imhavior ml nolvrnl -
ratrart inn contartrrrn nprrnf i;;,, with n ffilll t,,
Purt,n (lS~ TM)) LHFBR “Inw nlrrl; SEPIIIS h;iu

ninrr hrrn rmwfifird fnr #tanrlnrrl Purnn (10: TRI’)
flrru nhrrtn.

TIN, SHPNIX computmr mrrdnl perforrn~ a ~[ngi,-
Wimr, itrrativr calculation of thr ●pprnarh III
ntradv ntat~ or thr uranium, plutuuiurn, and
llftt~ I cnrrrrntrat ionn in ● mult iatamr crrntac-
for. Thr cnnta, tur i~ mndelmd a’ a n-rlrn of
idr~l ●ia~r-n~tt Irr nta~rp, Ma#n-lrannfrr equi-
Iihrillm in mainlain~rl al path ●laRe, and 111,,

numhr I nf irkal ntagrr IA nrl~rted to ●rhimw,
thr drRirrd nvmrall prp~rali,!ll rfflrirncy,

Twu runt ar t U! all~!lrlP ● rt, h~irrR d~vrlnpr,l
IIIIIlr I tlw rurrdnt M3L aafpRuardn study rri rml-

tartw irrv~n~orv. mlr firmt, b~lnn d~velnprd at

Clrmnnn lhriv~rnilv, im drml nrd @p@riflrallv II*I
It Thr arwnnd, p~;V~Hminulat inR min~r-a~ltl~rn.

I!llnly rfrvml[lped at lnwa Statp (tnivrr~ilv, ,

in d@B{Rnmt mfwrifically fnr mimulatin~ pNlprId

rOIWtR. Thin fmln~d-rnlurnn mod~l ip rurrentlv
heiu~ updatrrf and valirfaf~d with data r+tain~+
undmr USL apnnanr~hfp ● t Allid-G@nrral Nurlrat

S?rvir@R (A(:NS) ●nrf t:mrral Atnmir (GA) l:orfw.

rallrmr. )o Data auitahle fol modrl validation,
●aprrlallv ror Iilnmf Ilraltitlm-pllllllllitm rm.ovrrv
prmr~nnrml ● te virluallv nournirlrllf,



Clemson Hixer-Settler Model

The mathematical banifi for the Cl*mnnn

mixer-settler mdrl, called PUB(:, in Riven in
Rrfr. . 16 hnd 20. This new modo! sccountn for

deviatinnn from mns-transfrw ●quilibrium, re-

ferred to aq rhr “SEPHIS limit”, tl,.qt redllcp th~
was-tr.nsft.r Pfficirncy of thp (.,ntnctnr and

Eener~lly incr~a~r thr nuclear ❑nl,.rials invrn-

tory.
Thr mass -trar, sf~r ratr Ri fnr chr=micml

apocio~ i can hr. rxpre~n~d in trrms of the

deviatinn of thl’ np,cioa concentrating in thr
mixrr from its equilit. rlurn valur. The simplcnt

nuch rxprcnsion is Riv[n hy

[ 1Ri - KiA H; - )t’;(,q~ , Pf; (@q) = Difl; . (1)

TIM, nuprrsrripts “o” and “n” rcfrr t~ tll~ nr-
Rm7 i c and 4quwIII+ phIIsI, N, Kj in thr mnnn -
trnnsft,r rnt.ffiric.nt fnr nprcII,N i, A i~ tht,

inlrrfnr inl nrl,a Iwtwot,n thr aqut,rm~ and nrRanic
phtlca. s , Hiff, q’ is tnr cnnrvnl ratirrn rhnt

wnuld hr nhl,linvd in ttw minor if mnn~-transfrr
vqui lihrium wrro nhtninml, mwl Di ic thr tfif4-

trihulihm Corfficivnl for Rprrio? i.
TIM. pl!ll(. IMMIC.I rurronfly USOR thr rquilih-

rillm rmrrrlnl ion% nr G. L. Rirhnrrlson,ll n~

modi f ird hy Walktm and Rainoy, In tf} cnlrultrtr

D Crmtarlmr MIMIUIS in Ronrrnl nrl” Iimit(’[1
h{,m! h,. qllnlilv nnd availnbilitv III thr rqui lib-
ri urn chvmirtrl dnta nvrdwl to cnlculn t,, ntlitnh l!,
diqtributi, m cot,flicif,nls. Unrk is rut rrnt v
in pri)gri.~~ t[! rrviow IIIV rql,ilihri,m corrc,ln-

tirwh rIf Hirl)nrd%,ul nnd tII rwi~u ltwm I>n%t,rl on
rmw t hvmi, n! dnltl .

Ptncs-lrc,).if,.t mqllillllr iurn roqili rr. n Ihrll
HI - Hifl.111. Th i a. cnndit inn rnu 1)1. fll’-
prn;,l,ll,.d by 11111 inr Ki nr A appronrh Inrg,,

Va I Ill, ,, Inr(. inp (Hi - Hi(Vqt~ If, Ililvv nmnll
Vlrlur!l . F(,W •onnurvmvllt~ nf Ki havr hc.t.!l
mna *,, A rrnsmrnt~lr mrl hod of ont im~l iny troth
Ki nnd A in n vnrinl itmnl ow[hnd tllnl mntrhrn
mnd,.1 rnIrulmtinnF with nmlrcfwl data frnm rral

minrr-wll Ivr rrvrtnrlorM.
A dotqilr.1 rmpnrin,~l.(~fl(~llml: modi,l cnlruln -

timns w;ll, mrantlrvd dala . nn thv rn_slrmr-

Iim ~f ur,lnium and plulnrritlm mhnw thmt t 11{,

Iahoralorv midrr-n(ll!lmr unoul to nhfnil! thm (fatn
wnn nprrnlol! rlnnr III manm-trannfrt ●quilihriumo
TnlIlr 1 mhnws tllr ralrulatd and mmsl!;td urn,
nilm, and plutonlwm Invent nrimnm

tfnr I* rrrr~llv, Thmpmnn and flhanklrll rp-
p,,rtmti r~am,wlahlv rmrplrl~ nrt~ of wrnniurn rr
rlvrrv dala for a 11-tvp~ ❑is~r-s~tf I.r (urfiniurn

●nlrarlintl fr,m Ihr ●~UF1lllR III thr nrgnllir

pb,n~) an,! ●ll K.lvpm mixrr-nrlll~r (uraniwm

strippinK I ram t tlr nrRmnir t II 111P qurfwm

phase) . In the cano of thp D mixer-settlpr, thr
●xperimental uranium inventory of 499(I R dil-
fered from th, SEPHIS-calculated valu~ of 4479 P
by about 11%. Agreement betw-en the PUBG calcu-
lated inventory and the meaaured inventory wa~

obtsined hy ●djunting the ■asa-tranafpr ● r~n A
tn m valuo nf about 2, indicatin~ ai~ni firant
deviation from ❑ann-tranafer ●quilibrium. Thi~

adjustment of the pmramof~r A ●lno mmrkedly in,-
proved th. ●Rreement betwf’rn t~. calcli!ntcd an{’

meanur~d concentration orofilt
Detailed compari~t’ of meaaul d uranillm

concrntrat~onn 1., .’ inv,”.ntnries with calcul.stinrrs
uninR PUBG ar- uhnvn in Tahlr 11 for tho E

mimr-wtt l~r. Tahlr II ala’ contains :alrul.l-
tionn ucinR StlPHIS-HOfM mnd TRANSIf!NTS. ll
Th@ lntl~,r mndol accounts fnr devimrionr frmm
ma~s-trannfer equil i’lrium by ndjustinR the mns~-
franafrr ~fficitnry. The r~sultn a~ain inr!irfl!,.
;1 nip,nificnnl rtoviatinn from mafis-trannf,.r f’qlii-

librium.
FiRurv 1 ahnwfi rhu dnpcndcnrt. ni thl. i,lvl,n-

tnrv in tho E mixrr-nr[tlrl rrn thr maHr-trnn%[,,r

nrt.n A, In ptiactict’, it mip,ht ho po=.rit,l~, t,,

“cal ihrntr” thr mnrlrl prod:clinns fllr n mix,”r
Rettl(.r hy chmnsinp an apprnprimtr Vmlllf- fl,l

tho A paramvlvr.

C41culatinns inrlirntr thnl thv pllltnnillm

rnnrcntraLinn in Ihv Wafitr riLronm is Frnnitivt.
LO thr dwintinn ftom mn~n-trannfrr rquilihrium.
Tatrlt, 111 nhnwn th~ frrrdictrd dvprnd(,nr!, nn tht,
A pmramrt-r of Lb!, plutnnillm invonlory nnll lhi”
nqurnuN wrnnlr ntrrarn rnncwnfrn!inn in n lf-~li.ti,
rxlrul.ti(jll/nrrllll minwr-nrlL)or. mllh f[lllr,wi!l~,

prrwrduru for minrr-nrltlvr inv(lnl,wy wntimnli,,ll
mip,hl ht. ft,nnil}lt,. Firnt lhv invrt’tlirv, nn,l
1,1.IIIVtho VRIUCS of lhv A pnrnm(, trr, WI’,1111 1!,
drl rrminvd rsprrimuntnl Iv undrr t 111, Pxpe. [ 11,11

.. . . .. . ,.-. . . . . . .
mu. mo:fild ~,lfi m mmlm+olml~ Wn lm,~’

k lA .&n) la ● ■) Ivll .1s
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a

FiR. 1. l’hr dependence of thr E ❑ixer-aet~lrr
inv~ntory on thr ❑nns-trannlrr arm.

nteady-ttatm run conttitinn%. kltt a data tahlr
similar to Table 111 would ho calcIIlaLIvl and
storrd in a computcrirrd datn baor. Thvn, durin~

mctual prncenn oprrtition, fluctuations in tho
min~r-mettl~r inventory would b~ ●ntimatrtl from
Wantc-ntream concentrating mranuremfnt~m Surh

n~flnurem?mt~ 01 plutonium can b,. EMrto wit}, nn-
lin~ u ❑onitcwn, Mann halanrv cnrrrlmtinnn,
includinR r~oidrncc-timr delayn, Ctlllld hr UCPI!
to improvr thr quality of thr invr~t,!rv rnti-
MatFR (ol?r SrC, h),

lowm Stat@ Pulnrd-t%lumn ?%drl——. . ——

Accurat~ column modelo are important for

Purex procenfi denipn, ●specially for the design

of criticality controls in the r~procenning of
PBR fueln. Thin in illuarrared bv the renulln

reported in RQf. 17 in which three vermicnn of

th~ 10M State modrl, ranging fra ● SEPttlS-typr
verninn to chr moat compreh~nsive version (onr

“renl mtnn~” pcr nievc pli..r with bmckaiminR

●nd holdup correlation), wr? cumpared uuing
input-output dmta from ● Hanfnrd partitioning
column. EvrM thoush ●ll thre~ versions of the
mod?l unrd thp nam, input-output data, thu plu-

tonium inventory calcultt~d by th~ mont nonhin-
ticmted vermir,n wan more than double that given
by thr SEPHIS-tvpr ver-inn. Plutonium concen-

tration prnfi lea calculmt~d by the cmprehenni~r

“r?nl ntmflp”modrl mnd th~ St!PHIS-rypr mod?l
● rr c~parrd in Fig. 7,

RrrrPtly, C@rmak ●t AGNS ohtainrd enr-!lenl
puln~d-cfiluwm dmta fm uranicm r~rcw~rv uning n
?-inch dimmofrr ●mtrnction/ncrub pulnod cnlumn,

T%v A(:NS pilnt-ncalr column ● re inntrumontrrl

will) ● n~rir~ of ~ampl~ tapn ● that prnfilrn

01 nqllmlllln find oruanic urmnlum concrntraticmn

●nd th.- rnrrrnpnndirrR disp~rhrd-phanr hnldup

pro.ilr ran hr nbtalnrd. Tahlr IV compar~n lINI
AGNS concmtratlcm-prnfl!r data with thr IrIvn
Stmtr (B,lrkhnrt) mnd~l ●nd ● SEPhlS-typr mndrl.
Thr ~nwa State mrttrl ●srern b~tt~r with lhr

prnfilr d~ta than da~n the REPHIS-tvpr mnd~li
Tmblr IV mlnm cnntain~ tot~l uranium if,vmtorirn

calrul~lrcl wi~h thm St?PHIS ●nd Burkhmrl model~i

O,OP . .

. ---

.
00



“A” column

J 52. s o

17,2 65,0 13.0

m,o 11.0 I*.7

25.0 71.0 20.0

10.0 12.5 *,O

1,9 6.1 1.3

0.4 1.0 0.4

0 0 0

0 0 0

Tht, di ffrrellcl, is nuhstantiml and in Caufi-d
primnrilv by thr d:spersed-pimsv holdup an.!
h~ckmix;np, rf!(, cts that art, inclmfrd in thv
Burkhart mrd(,l

&

F,c,

., .x..

1 . Cont;l-ctnr Hcasuremwrrtq

Figllr{, 3isn srhomatic dia~rnm nf nrti
rxtrnt t innlsrrllh (A-rypo) plllrlrrl column. A
vari~,ty of prncrss mvasurrmcnrn ar~ mart~ in a

mcltiOrn rvprnrrnsin~ plnnt to monilor and cnnrrol
th(, F(,lvrnt-rxl rncritm nyntem.q. T% Iollowinp,
list intlirntr~ prorrns-cnntrol mpm.stlrpmentn thnt
mirchf hv oxprctr, d for an A- IVTW column:

1. Pulnv nmplitudr and frequrncy.
-1., Primnrv aquro~ls-orp:mic inlrrfacr poni-

tion (hollnrn) ,
!, Organir prml~lr! liquid Irvrl ●nd drnn-

ity (trip).
!, Cnl,lmn hvdronlmfir prr~nllrr (“wriRht”),
‘1, ExrrHrtant [lnu ratr, tpmprraturr, nnd

Tt)l’ cnnrrntrat inn.
b. !lI.rIIII flou rntr, trmprraturr, ●nti acid

cnolnritv.
1, Frrd flow rate, tcrnprraturr, d~,’nit~,

and arid mnlarity.

8, Wante ntr*am cnncrntrat ion.

Thrn~ mvanuremvntn w,mlfi be supplrmrntrct by
prrind ’c vinunl checkn ●nd ch~miral arralyc?n of
namplrn coll~rtd frnm nampl~ lin~a plmcrd on
n~lrrtprl ntr~amn ●nd tankn.

In n mrsdrrn induntr{al plant, thir proc~nn
information could be cnll-ct~ct ●nd macf~ ■vail-

●hle in n~ar-r~al tirm uning computer-haspd datn
acquinirion, 8toraRv, ●nd rptri~val wthnds.
The A(;NS crmrpllt~rixrd nucl?ar mat~ria! control
●nd nrrnuntinp nyntem (CNNCAS) in ●n ●rcampln nf

the ●pplir~r inn of thesr tcrhnlqtwn in ● larR@-
ncale r~prnr-nning plant .21

Adt+~tlcrnal atr?am concwtrat {rsn and flnw
rat~ awanur~mmcrtn umultt Im r-qulr~rl for ●ccuratr
nenr-r~al-tinw mat~rialn ●ccrruntirtn. sm. of
thcnm ~an~lrcatmntn crmld consist of upgrsdlrrR

●EiatinR prnrrn~ rontrrrl m-nsur-m~ntn, nuch •~
UniIIII o mnnitorn rO mnnurr plutonlum conrmntra-

ti(ltn Ill thr want- ●lr-amn,

r b

I L

J“
P,c,

.. ...

L

W,c.

t: top soct:Q?
o: scrub aoction
●: ●atroctlon saction
b: bottom aocllon
C,: faod concantrotion
C+ preduct concantrotion
Cti -Osta concanlrolion
F: food flOW
P: product flow
w: Wosto flow
S: scrub flow
X: ●stroctont flow

Fip, . 3. Extrnrrio,l/ncruh pulnrd cnl!lml).

In-linr flow mra.qurrmrrrts rnn hr 01 Ininrd
using calihratrd, mcrorinft h~!atlpors in pln(~, of
t+r unurvtcred hradpotfi nrrrmnlly usrd in Iiqtli,l

trannfrr ayntemn. V~riolln typrfi of nn-linr fi,w
mrtcrn hnvr al~n hrrn dcvrlnprrl n-id nio currvn[-

Iy being evsluatrd hv Ctnk R;du I, for umr ill r,i -
prncenninff plnntn.

For ainRlc-ar)lulv nyntt~ms, i .( . , uranium nr

plutonium, cm-line liquid denni’y and frrlm-a,iil

mcasur?mrrrtn can prrwidr accurato entitonrr~ of
the heavv-mrtal con(l.nrrnr inns in cnncentr~lnd

product strramn. For minrd uranitlm-pl!llollilllll
atreamn, nond?ntruct im. mcanur~mrnt trrhniq:l~~

suppnrtccl by cenv?nrinnnl Wt clrmintrv trrrhwlc

can provid~ rapid, ●ccurat~ annlynrn t)f proct,rn

snmpl-n. Applicahl* NDA ~~chniquo~ inc 1IIIIIS
Ramn-ray ●p~ctroncnpv, x-ray ●bnrrpt ion, atml

r-ray flunr~ac~n.,o.
A revi-w ot vmrinun nn-line and ■t-linr men.

nuremrnt t~rhniqu~n fnr pntrnt ial ●pplicotiml

in reproc@aainR plantn in Riv~n in API), 1. Of
R@f. f9, Vol. 111, UPt eh~mintry ~thnur art,

alan r-viewed iti API,. L of Ihnr rpf~rmnc~,

4 Coritactnr Invrvrtory F,nrimct ion-!_ . -—,.—--- . -. --- .—.- —



contactor model that i# valid over a wide range
of operating conditions, including startup,

shutdo m, and upset trnnJienCs; (2) a sufficient

Bet of process obaervahles and corresponding

mesnur?ments, includinR high-quality real-tire+
❑ easurementfi of contactor inputs aid outputs;

(3) the statistics of both the procens and the
❑ eaaurementn ; and (4) on-line
acquisition and analysis echniqu~?~~~ ‘ata

The full development of dynamic state esti-

mation techniques is a fut,~re goal for on-linr

❑aterialn accounting, A more restricted np-

proach is connidercd here for near-term appli-
cability. Ue refer to this restricted state
estimation scheme ae “reduced-order” dynnmic
state estimation becauae, ●lthou~h the aamr
thri,r elemrntF (mrrdela, measurements, and ata-

tistic~) n re required for its implemontat inn,

the acopc of the required input infcrmatinn is
rrstricterl to a currently practicahlr Ir.vvl.
Tho prnnlty is LhaL the estimating mrrrfol onlv
.Ippl i(. s over a Iimitcd rango of near-fitr.ady-
statr run conditions.

An examplv of this apprnacl) is Riven in
FiRs, 4 and 5 fnr the A-typt, pulqrd cnltlmn of

Fiy.. 3, FiRlirr L lists thr assumptions and .h{
bnnic equations. Thr asnumptirm chnt phasi, vnl -
umoK arv prnpnrtinnnl tn phn~r flow rntrs is
probably the porrrent an,, thrrr-.forr the most
restricrivr. Thin ansumpr ion can ho rclnnod if
bet!rr phan,, ~olumr-flm ratr cnrrclntirns ar8,

avnilahl!, lR

Thr Iinr{lr irwertlnrv e.atimata>r IF bani,~l on
fir~t-nrrlor prrtl:rhnt inns ah,jllt an Vxpt, i 11,1!
Stl.lldv-klrl[l, Vfrllll. Tho nt~n[tv-stnt., invrntnrv

rpulsed Column Inventory Linear Eg!imotor

! A9Bwnptionu

Tho column la apsrotlng naa? o ataody-mloto
oporallng polnl

lho column Invonlar? ,\oor the a ●rollrg
rpolnl la Ilnear In Ihe cone.nlro Ions ond

flow rotoa,
Phoao wlwnoc or. pr

‘ofOaMOr th. oparo~#;’~;;ll tOP:o’” flow
Corrcon-rotlon and flow ro!a ~auramanl~ or.
avallablo In noor-rcol tlmo.

lha colwnn Irrvonfory o! tha rromlrrol operotlnf
point hoa boon pr.vlously dot.rmlnod from
ohemleal modol calculollena md collorotlon
.aLarimonta,

Cquallant

Moaa Dolmnca:

.-.
fqh+l)ml+(tc) + (C,r - E} ,- C:w)hqk, k+l) - M(hb41)

Loac: Mb*l) ■ 0 (k+l/k)b4(h)

Mansuremarrt Ewtlona

lolal Inuontery, h(k) ■ h~k) +

Vd]Ue is calculated for the expected run condi-
tions using a detailed chemical model that has
been validated experimentally for the parti~ular
contactor 9y9tem. Alternatively, experiments
can be performed directly to determine the ex-

pected inventory by bringing the contactnr to
steady state and then draining the content~ co
holding tanks for measurement.

ThP linear state equations for the estimator
arc also given in Fig. 4. The first equation

is thr materials balance relating the column
inventory (H) at time k + 1 to the inventory at

timo k. The remaining terms in the materials
b,llance cquacinn are the meafiured tranafers nf

❑atrrial a.ro:,s the column in the feed, prnduct,
and waste streams and an:: unmeaaurrd loas~s (M).

Thr second atatc equrtirrn describes any post,,-
;arod loss mechanism bv chooslnp the specific

form nf thr functinn 0.
If the transfrr% and invcntorirs are m#.a-

mured aqd tht, IWaSLITWIIIIr.t error statistics ari.
knr,m, a Kalmnn filter #lgcrrithm can be “serl tf,

providr rs[imn(~,s of H at earn timr, k. III i s

approach hns bern drvrlnporf and shown tn ho
rffert iv,. in t no annlvsis of ,Ierir-rt,al-l inm,

accounting rlata .23,24
Recau~r wr, a~~umr. rhnt tht, rrnnslrrs n f

I ~]clcnr mntrrial acrns~ th,, crrl!lmn are measurrl’
nnri Lb!, mrasuremcllt t=rror stat istirfi (inrl,,ding

randnm and Bvstcma!ic rrrnr romponrnts) ara,

known , it rrnlv remnins to find men~urorl vnlIIr:

and Orrnr Rtari.sli ’s for Lhv cni \)mn invr.l]tt,rv,
possit,lr invcntorv measurrmrrrl i.rrt)nt inns nr,,
Rivrn in Fir 4 ind ‘r, Thl, v nrt Iint,nr OIIIIJ.
tionk Inr I Invrnlg,ria.s in t Ill. or~nnic nn,l

r- . . ... .
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C.(I ) V~k)
F*’ 4 TM- -“’I
Y+ (:-s)9(%! )]S(k) I—-.

so
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. ..-
~hc ●ubacrlpl o @noloa namlrrol woluoa o! tho

owrolln polnl; V, ond V. denolo phaao dlaongago -
Pmnrrt va u,noa o! !ho lap and bottom ●ndt of lho

cnlurnn, roaor:llvolv

Fin, 4,



aqueo~s phases of the four fiection~ of the col-
umn : top, bottom, scrub, and extraction. The
inventnry in each ae. cion iB given by a first-

order Taylor ~eriefl expan9ion about the 6teady-
etace inventory. The first-order terms depend

on ratios of the meastired concentrations, flow~,
and volumes. Becau9e the error statistics of

these mea9urementB axe known, the statistics of

the inventory measurements can be calculated.

Thus , a Kalman filter algorithm for estimat-

ing the column inventory ir3 completely speci-

fied, but there are certain complicating. sys-

tematic error~ will correlate all mea9uremcnts

0[ a particular type in time, nnd th~ column

in,~rnrl,ry and transfer mea~uremcncs will be

ct..ol~:y correlated, These correlntionfi mt]s I

br’ inu]udt,d in the filter for Rood results.

Furtherm<)re, chr stcndy-state inven[ory values

nppcar in [h@ inventnry meascrcmt-nt equations

as “cnlil]r at ion cons.tantg,” and uncertainti(,s

in thrsc calibration constants must hr incluclrd

as nclditinnol sources of 9y5temstir r)rrr:. The

rtt,ci~ior 24nnalyt3is tcchniqurs prr=vio~lslv

drv,,lr,prd for annlyzin~ ni=ar-renl-timv ncco~lnt
lng dnt,> can trr.nt the fiystrmntic errr)r,~ nnd

mras~]rrmr.nt corr~l at ions cle.qrrihr. d abnvt, .

Compu[r.r ,gimljl.at inns nf the cnn(accor inv,,n-
tnrv estimation tcchniqur arr Currcn[])- in prnu.

ress, and t+(, technique will hr, Pvlllufl((, (l al
I.CNS ctu inR ftlturc cold-tr~t urnnium ruins.
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